Production and diagnostic utility
INTRODUCTION
Zucchini yellow mosaic virus (ZYMV) is one of the world's important members of the potyvirus that recently has been reported as a new destructive pathogen of commercial cucurbits in many areas4, 11, 12, [15] [16] [17] [19] [20] [21] . Strong dependency of successful management of this disease on the accurate diagnosis has increased the demand for establishment of rapid and specific diagnostic procedures.
Enzyme-linked immunosorbent assay (ELISA) 2, 3, 7, 8, 13-15, 23, 24) and other serological assays21, 25) using polyclonal antibodies (PCA), while providing rapid and sensitive method for diagnosis, are dependent on the specificity and avidity of the antisera used, which are known to vary greatly. In addition, since ZYMV is antigenically related to other viruses11, 21), the antisera may cross react with the related viruses. Current progress in serological assays, specially the adoption of techniques for preparation of monoclonal antibodies (MCA)9) has offered the possibility to overcome these problems.
In this paper, the production and diagnostic utility of MCA to ZYMV are described. An abstract of some of these results had been previously reported 27). Table 2 ) using MCA ZYMV-45 from culture media. Each point is the mean of the three experiments using three wells in each experiment. Table 2 . Enzyme-linked immunosorbent assay procedures used for evaluating the reactivity of monoclonal antibody against zucchini yellow mosaic virus (ZYMV) a) Ag: antigen; AB: antibody; MCA: monoclonal antibody; Q: Japanese quail; R: rabbit; anti-MR: rabbit anti-mouse globulin; -E: enzyme label; G: goat; CH: chicken.
using MCA from culture media, whereas the use of PCA to trap the virus on the plates failed to increase the sensitivity of the assay (Fig. 2A) . The performance of MCA ZYMV-45 as coating antibodies of ELISA to immobilize ZYMV from crude extract of infected leaves was evaluated using three procedures of tests (Fig. 2B) . As the results, the MCA could be effectively employed as coating antibodies of the ELISA, but the sensitivity of the assay was influenced by the kind of reagents applied after the virus was immobilized. The same sensitivity was obtained when quail immunoglobulin was used as inter mediate antibodies followed by the conjugate of enzyme-labeled anti-chicken IgG immunoglobulin (procedure 4) or when immobilized virus was treated with enzyme-labeled IgG from rabbit anti serum (procedure 6). The highest sensitivity was found by the assay employing intermediate antibody of IgG from rabbit antiserum (procedure 5).
Serological specificity of MCA in ELISA ZYMV and WMV-2 are serologically related viruses that often infect the same host11, 21) Table 3 . Cross-reactivity of zucchini yellow mosaic virus (ZYMV) and watermelon mosaic virus 2 (WMV-2) in two enzyme-linked immunosorbent assay (ELISA) procedures using polyclonal antibody (PCA) and monoclonal antibody (MCA) a)
a) The viruses were used as antigen of the assays at concentration of 1ƒÊg/ml.
b) The PCA and MCA globulin were used at concentration of 2ƒÊg/ml and 0.1ƒÊg/ml, respectively.
Thus, an experiment was done to evaluate the ability of the ELISA procedures to discriminate these viruses using PCA and MCA. The result is given in Table 3 . It was found that double-antibody sandwich (DAS)-ELISA could easily discriminate between Table 4 . Detection of zucchini yellow mosaic virus in field samples using polyclonal antibody (PCA) in double-antibody sandwich (DAS)-ELISA and monoclonal antibody (MCA) in indrect (I)-ELISA a)
a) The crude extracts of samples were used as antigen at dilution of 100 times. The average of absor bance values at 405nm obtained with PCA and MCA were 0.721 and 1.741, respectively.
ZYMV and WMV-2, regardless of the kind of antibodies used. By contrast, I-ELISA could discriminate these two viruses only when MCA was used. Diagnostic utility of MCA To examine the diagnostic utility of the MCA for ZYMV that naturally infected commer cially grown cucurbit crops, 74 of samples were collected from Miyazaki Prefecture and assayed with MCA ZYMV-45 in non-precoated I-ELISA. These samples were also assayed with PCA from rabbit antiserum in DAS-ELISA using the assay conditions as previously reported 23) Table 4 shows that ZYMY could be detected on Cucumis sativus L., Cucurbita maxima Duch., Momordica charantia L., and Luffa cylindrica Roem. by using the two ELISA procedures.
DISCUSSION
This study demonstrated that the MCA to ZYMV, which is obtainable in very high titre, can be employed for detection of the virus using the methods described. While the application of these methods with PCA for virus diagnosis is limited by the availability and variability of the antisera10, 14, 18), the availability of large quantities of high specific MCA to ZYMV would aid in providing diagnostic information of this virus.
As previously reported with other viruses such as tobacco mosaic virus1, 5) and potato virus X8), the structural form of the virus immobilized on antibody-coated plates used in ELISA trends to be present as intact particle and that directly on the plates is as denatured one. Since MCA may recognize antigen only in one of these structural forms, the suitability of the protocols of ELISA used to detect antigen employing MCA should be examined carefully. The good reac tivity of the MCA to ZYMV particles directly bound to polystyrene plates (procedure 1, see Table 2 ) and also with antibody-trapped virus particles (procedure 3 and 4) indicated that the MCA could recognize the binding site that is accessible in intact or partially denatured virus particles. This would be advantageous, offering the use either with precoated or non-precoated I-ELISA procedures.
In some applications, the usefulness of non-precoated I-ELISA was limited by the fact that binding of virus particles on the plates could be strongly inhibited by host components during the first coating step of ELISA7, 13). The inhibition phenomenon was not observed in the present experiment as coating the plates with antibody from Japanese quail (procedure 2) or rabbit (procedure 3) failed to increase the sensitivity of the assays. This fact further supports the diagnostic utility of non-precoated I-ELISA for ZYMV. Additionally, while slight enhance ment of the ELISA sensitivity could be obtained by the use of MCA as coating antibody (pro cedure 5), the use of MCA in non-precoated I-ELISA can be done in shorter time and does not require any effort for producing another PCA.
The applicability of serodiagnosis procedures depends to a large extent on their serological specificity with the related viruses. While broad range of serological specificity can be ideal for another purposes2, 14) , it happens to decrease their usefulness in providing precise identification of the viruses. In agreement with previous workers2, 7, 14), the broad specificity of I-ELISA employing PCA was observed (Table 3) . Thus, it can give misdiagnosis of ZYMV with other serologically related virus, such as WMV-2. Conversely, the use of MCA in the same assay could successfully be used to discriminate the two viruses. The narrow specificity of I-ELISA using MCA as that of DAS-ELISA is attractive because the former assay can be done simply using a single antimouse IgG conjugate which is available commercially.
In addressing the limitation of MCA as diagnostic reagents, it has been reported that some MCA may be too specific for virus diagnosis6, 18), recognizing only rare isolates or small group of isolates in the fields14, 18). In the present study, the MCA could strongly react with field samples that reacted with PCA (Table 4 ). This indicated that the applicability of the MCA for diagnosis of ZYMV is not limited by the problem of too narrow specificity of the assays.
Finally, it is anticipated that in the future MCA-based assays might provide precise diagnosis and other tolls for further epidemiological study on ZYMV.
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